


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1973-12 


Design and application of an underwater 
acoustic parametric source 


Khosla, Ranvir C. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/16555 
Copyright is reserved by the copyright owner 


Downloaded from NPS Archive: Calhoun 


: Calhoun is the Naval Postgraduate School's public access digital repository for 
/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

; | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


DESIGN AND APPLICATION OF AN 
UNDERWATER ACOUSTIC PARAMETRIC SOURCE 


Ranvir C. Khosla 











DESIGN AND APPLICATION OF AN 
UNDERWATER ACOUSTIC PARAMETRIC SOURCE 


by 


Ranvir C. Khosla 


Thesis Advisor: Aw Te Eiter : 


December 1973 


Approved for public release; distribution unlimited. 


1158016 





DESIGN AND APPLICATION OF AN 
UNDERWATER ACOUSTIC PARAMETRIC SOURCE 


by 


Ranvir C. Khosla 
Lieutenant Commander, Indian Navy 


Submemtted impartial fulfiliment»of sche 
requirements for the degree of 


MASTER OF SCIENCE IN ENGINEERING ACOUSTICS 


from the 


NAVAL POSTGRADUATE SCHOOL 
December 1973 





4 
wry 


ae 
ay 





Libr, 
mee Poc 
ere 
Ss Jao 
NN 40 


- ~SUA7 


ABSTRACT 


Parametric sound generation has been an active area of 
applied research for the last ten years. The acoustic para- 
metric source takes advantage of the non-linearity of the 
medium to generate energy at the difference of two high fre- 
quencies. The principal advantage of a parametric source over 
a conventional transducer is its high resolution capability. 
The characteristic is a result of its narrow beam width (with 
no attendant side lobes) and broad bandwidth. 

The parametric source was designed and tested in the lab- 
oratory and also at sea. Laboratory studies showed severe 
broadening of the parametric beam and reduction of difference- 
tone pressure on reflection from a smooth air-water surface. 
mis 15 attrapmted to the phase reversal that occurs on 
merlection. 

The coefficient of amplitude variation at sea was found 
to be less than 3% at the depth of 20 and 40 ft. and was much 
higher. at 10 ft. depth. The coefficient of amplitude varia- 
tion was higher for the parametric beam as compared to that of 
a conventional sound beam at the depths of 20 and 40 ft. The. 
parametric beam had lower coefficient.of variation as compared 


to that of a conventional beam at the depth of 10 ft. 
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LIST OF SYMBOLS/ABBREVIATIONS USED 


distance between transducer and hydrophone. 


lateral distanee of hydrophone perpendyewLar to 
the acoustic axis of the transducer. 


depth of theetransducer or hydrophone frompenc 
surface of water. 


modulating frequency. 

prinary Lrequency: 

gain am the re@eiver cimcuwat. 

RMS current input to the transducer. 


peak to peak voltage of the Signal received by 
the hydrophone. 


pass band filter setting band width in the 
Tecelver Circuit. 


USRD type E-8 Weansducer used as a parametric 
source. 


transducer type F-335 used as a convent ron) 
sound source. 


bydrepione model LOS2 usd asedereceemycn. 
Angle: of inclination of transducer from its 


A6CUS tC 2xUs. Wl i.e. Wilenepeed (elem Gmmtite 
surface of water). 


‘sound pressure level reference one microbar. 
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I, INTRODUCTION 


An acoustic parametric beam transmission and receiver 
system was designed using a USRD type E-8 transducer as a 
parametric source. An LC-32 was used as the receiving 
hydrophones. 

This study has been divided into four sections. The 
first section deals with the design and evaluation of the 
SpEelmum parameters of this acoustic parametric Syotem. ce 
also deals with the free field measurement of the radiation 
pattern be Eile mia taile ticle Ded). ‘The absence o£ the side 
lobes in the parametric beam was established. 

The second section deals with the surface reflection of 
the parametric beam from a water-air surface. The broadening 
of the beam and the reduction in sound pressure levels were 
observed after the reflection of the beam. 

The third section deals with the shipboard use of this 
acoustic parametric system. The frequency response of the 
system was observed at sea. The coefficient of variation 
for various depths of transducer in sea water was also 
calculated. 

The fourth section deals with the summary of the study 
carried out in the first three sections. 

The system designed was flexible enough to operate for 
secondary frequencies above 40 KHZ. It was, however, not 


adequate for secondary frequencies less than 40 KHZ. 





IT. DESIGN AND OPERATION CHARACTERISTIC sge: 

THE ACOUSTVC?PARAME RIC™ SOURCE 
DA. DESCRIPTION OF FOUL MENT 

A block diagram of the transmitting and receiving systems 
meeSHOWNein FiO... 

1) nanomaet ine Gousiten 

A Signal oscillator provides the basic trequencygen 

modulation. the output of this,oscil lator aiceconncetedaine. 
the "VCA IN" terminals of the Wavetek. The Wavetek model 156 
1s mee ac a modulator and an attenuator. The carrier fre- 
quency for modulation is about 1.4 MHZ, which corresponds to 
mene resonance frequency of the E-8 transducer. The optimum 
mode of modulation is using Wavetek as an amplitude modula- 
tor as will be shown later in the discussion. The signal 
output of the Wavetek (modulator) next passes through a 
Signal gate i.e. "Tone Burst Generator" GRI396A. The gated 
Signal is next amplified by a power amplifier GR 1233-A. 
The signal OUT Oe the power amplifier is passed through a 
high pass filter, which blocks the slight amount of differ- 
ence Peseney current that is generated within the amplifier. 
time tilter 1s a "1' network consrscane o1ecwo 0.00335ur 
ecapacitors™@and ‘a Soe piimainductor to tieeeround. Willie ™cieaeeml= 
Signal is then taken to USRD type E-8 transducer serial 
NO Zz 9". 

The r.m.s. amplitude of the driving current is measured 


by means of a Pearson Electronics current transformer looped 





about one wire Leadnane to the transducer, The CULLEN tet eamee 
former produces a voltage, proportional to the current .seoee 
is measured with a HEWLETT PACKARD 3400 r.m.s. Voltmeter 
during CW operation. 
Zee ReCe1 Ving Saysieem 

LC32 is used as the receiving hydrophone which is 
connected to a pre-amplifier, HEWLETT PACKARD 466A. The 
Signal is then passed through a Band Pass Filter, KROHNHITE 
Bo a2. the output of the B.P. filtiter ws»takenmtemthe gaat 
terminals of an amplifier, HP466A. The output of HP466A is 
then taken to the oscilloscope, which measures the peak to 
peak voltage of the incoming signal. 

The unfiltered signal is also taken to the oscillo- 
scope as shown in Fig. l. 

The frequency pass*band of the KROHNHITE 3322 B.P. 
PelLterwis adjustable from .,001HZ to “SS .9kiz. 

Mine receiving voltage sensi@myity of Jene=lOsSZehyvane. 
phone was calibrated by placing it in the free field of a 
calibrated USRD type F33 transducer, used as a standard 
sources lhe semsitivity was found to be -ii2%6 db nerenence 


mene VOltc Per Mrerobar, at 50 KHZ. 


be  SYolEM LESPONSESFOR MODULATION SCHEMES 

Two modes of modulation were available i.e. (i) amplitude 
modulation and (ii) suppressed carrier modulation. The pur- 
pose of this experiment was to find the mode of modulation 
which is more suitable to the system. The two characteris- 
tics showing the response of the system with the mode of 


modulation are as in Fig. 2. 
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1, Amplitude Modulation 
The output of the signal oscillator (of frequency £1) 


is connected to the “VCA IN” connector of tiem aye ee a 
frequency (f.) of the Wavetek function generator was set to 
1.438 MHZ. The Wavetek was set for the amplitude modulation 
Seweme Of ONeratilom. 

The E-8 transducer transmits the frequenemes 


e sic f.+fi;. Due to the non-linearityeot the trans- 


ee). 2 ae 

Mitting medium, the hydrophone receives the frequencies 

[f. - (f, - f5)] and (f£,*f, - f,) i.e€. two components of 
frequencies f only. Roe S Wee 1 amlen ae af, is also present but was 
filtered out. 


The observed data for the amplitude modulation scheme 


fm as shown am Table No. 1. 


EZ 





.No 


TABLES NOmeao: 


Attenuator (Wavetek) Setting - 20dB 
Gain in Receiving Circuit — cod. 
Distance between E-8 and LC32 = 1 meter 


Irms = 0.3 amp 


Modulating miei eee! lbs) Vir anes 
BeeG, Tine eA W@SZ in KHZ 
=] 
25 25 aie) 
30 30 =9 50 
40 40 Ore 
50 50 Bi} 6 
55 55 =i / 
60 60 2 I) 
70 70 -5.8 
80 80 | =f Ih 
90 90 -8.2 


The Band Pass filter could not handle frequencies beyond 


90 KHZ and frequencies below 30 KHZ were being distorted by 
the system. 

The VL of the signal from the Hy anonnene Wi th eis 
method of modulation, corresponding to Irms = .3 amp is 


plotted against the frequency in Fig. 2. 
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2. Suppressed Carnaen Modulation 

The circuitry was the same as in the case of ampli- 
tude modulation scheme except that the Wavetek was set for 
the suppressed carrier modm@ilation scheme of openauron eee cn 
fs be the frequency of the output of oscillator model 120 
and f. was the frequency of thewWavetek function genesatou. 

The E-8 transducer will transmit two frequencies 
f,+f, and f,-f,. Due to the non-linearity of the transmitting 


medium, the frequency received by the hydrophone will be 


ot ama 2h... 


Ve 2 

The observed VL of the received signal with this 
scheme of modulation, is plotted in Fig. 2 against the vari- 
ous frequencies of transmission. 


The observed data for this scheme of modulation is 


as shown in Table No. 2. 
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TABLE NO. 2 


Attenuator (Wavetek) Setting = 20 dB 
Gain in Receivineecinrcuit = O0Ma 
Distance between LC32 and E-8 = 1] meter 


RMS input current = 0.30 A 


S.No Modulating BYCG = Feeds DY NG 
Freq. in KHZ LC32 in KHZ | dB 
dee fA 50 ely Ss 
ie 30 60 -7.8 
5. So 70 St 0 
A. 40 80 aN) (0 
De 45 90 =10e4 
Oe 20 40 lee) 
as 15 30 = Ord 
om a) 20 


It seems the system was good for frequencies between 
50 KHZ and 90 KHZ. The maximum VL was observed at 60 KHZ. 
The amplitude modulation was better than the suppressed 


@erriler modulation as far as the VL was concerned. 
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C. TABLE OF BEAM WLDTH (608) VS MODULATING SP REGUENCY 


The equipment was set up as in Fig. 1 with the following 


Settings. 


Attenuator setting (Wavetek) = 20dB 
Wavetek generator frequency = 1438 KHZ 
Gain in the receiver circuit = 60 dB 


Distance between E-8 and LC32 = 1 meter 


The amplitude modulation was used for this experiment 


(this being the better mode of modulation). 


The modulating frequency was changed and corresponding 


beam width was recorded. The hydrophone was mounted on a 


moveable track and beam width was measured by making a 


Maceral scan of the field. 


The peak to peak voltage output of LC32 was taken from 


oscilloscope and 6dB down was taken to be the half of the 


voltage observed when LC32 was on axis (facing directly). 


the data is in Table No. 3. 


eye 





A eNO 


The rms current input to the E-8 tranSducereiaceiene 


constant at ..30 Amps for all the following readmigs. 


S.No. Pena Gis 6dB Beam-width 6dB Beam-width 

in KHZ in cms. in deprees 
i 30 1585 Seah 
2 40 1s 7336 
Sh 50 10.9 Sue 
Ae 60 0, an 5.8° 
ae 70 10.6 Gate 
6 80 OMe sy 
7 90 10.4 6-0 


It seems that 60 KHZ modulating frequency is most suited 
from the point of view of signal strength as well as that of 
the beam width. 

D. VARIATION OF SPL WITH RANGE AND THE BEAM PATTERN 

FOR THE OPTIMUM CONDITIONS 

Two additional experiments were conducted to measure 

(1) the difference frequency SPL vs. range, and 

(ii) the beam pattern | | 
under the optimum conditionsof the system. In these experi- 
ments the following parameters were used. 

The frequency of modulation used was 60 KHZ. The wWave- 


tek was set for the amplitude modulation scheme. The input 
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current to the E-8 transducer was selectedscoube sin are 
to avoid any distortion of the signal. The premary sie 
quency, i.e. the frequency of the Wavetek finceloims cnc nao 
was set at 1438.0 KHZ. 

In experiment No. 1, the band pass filter setting in the 
BEcCelver Circure ae set to the range of 30 to 90 KHZ with 
a total receiving gain of 60 dB. The hydrophone was moved 
fom r - SO cms. 60 4 - 9255 ems. The SP at vamilous 
distances 1S shown in Fig. 3. It was observed that the 
maximum SPL was 46.2 dB reference one microbar obtained 
between 90 and 120 cm. The data taken is shown in Table 
No. 4. 

In experiment No. 2, the beam pattern of the parametric 
source was measured at a range of 170 cms. The reason for 
selecting this particular value was to obtain some sort of 
comparison with the experiment No. 1 of section III at the 
Same range. The receiving gain was 80 dB and the filter 
pass band was set to 40-70 KHZ. The beam pattern is shown 
in Fig. 4 and the data taken is shown in Table No. 5S. 

“It wase found the the parametric source had no side 
lobes and the maximum SPL for this range was observed to be 
Tos betemenrence One MiCrObaL when epeenmemMe st raiscducen 


and the hydrophone were on the acaustic axis. 
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TABLE NO 


Range in cm. Seed Dies 
50 42.7 
60 44.0 
70 Sf 
80 45.85 
90 46.18 

100 46.18 
110 | 46.18 
12.0 46.18 
150 45.85 
140 45.51 
150 45.15 
160 44.78 
170 44.78 
180 44.40 
190 . 44.00 
200 43.58 
210 43.58 
Z20 W551 2 
230 43.12 
235 43.12 


20 
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TABLE NO a5 


Val An en: Sel in da 
0 42.85 
1 42.85 
Z 42.46 
3 Pass 
4 41.19 
S) 40.22 
i 6 5 era 
7 Ser ao 
8 SOO 
9 36.44 
10 Sool 
dha | 34.69 
le Some 7 
13 | ST 
14 S190 
Is Suey 
16 30.42 
Jig’ Loe So 
18 28.68 
19 28.18 
20 27.65 


REMARKS: These readings are to the left of the acoustic axis. 
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TABLE NO. 5 (contd.) 


ae Sa eel. Syl Ge: 
0 42.85 
1 42.85 
2 42.46 
3 42.01 
4 41.40 
5 40.72 
« © | 39.69 
7 38.84 
8 37.89 
9 36.83 
10 35.83 
ap 34.90 
12 34.20 
13 | 33.39 
4 Soael 
15 31.90 
ig i ly) 
17 30.42 
18 29.59 
19 29.15 
20 28.18 


REMARKS: These readings are to the right of the —aeousrttesaan. 
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Ill. SURFACE REPLECTION OF THE PARAME DiGe a1 


A series of six experiments was performed to examine the 
reflection of an acoustic parametric beam from a still water 
air surface, in the nearfield of the parametric array. The 
transducer was mounted in such a way that it could be tilted 
fEmany angle from the acoustic axis. The angle of inelina- 
mon “'6'' from the acoustic axis could be measured, 

The geometric single ray pattern is shown in Fig. 5. 

Considering the geometry of the setup, the hydrophone 
smould be placed at the point “R™ to @et the maximum signal. 


CALCULATIONS FOR DETERMINING THE DISTANCE 
OEVHAYDROPHONE FROM [Ht @ RANSDUCER 


(ref. gigig.. 5) 
on' is the water surface; transducer E8 is at point S and 
me receiver 1S at point R. 


So: = 47 ems. 


tan 30 = — 
PSU CAN )/ (tan 30))= 4S x47 
Meoretically LCG32 should regilstes 2 maximum saenaleat 
ie- 162 cms. 
AS S€Cnain thetplot of texpemmment me. S@(hae. 6), tne 
maximum signal was realized at r = 170 en. 
This discrepancy in theory and experiment is attributed 


to the errors incorporated due to the measurements of the 


depth and the angle of inclination of the transducer. 
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A. 


ANGLE OF INCLINATION OF 30° AND fm = 60 KHZ 


In the following two experiments the SPL was measured 


as a function of horizontal range "r'" along the axis, and 


as a function of lateral distance ''a"' from the saxon eens 


mane e (Oa. | 7 0 Cm. 


The angle of inclination was set at 30° and the frequency 


of modulation was 60 KHZ for the following two experiments. 


Ihe 


In experiment no. 1. the SPL at different ranges was 
observed and the results are shown in Fig. 6 and 
Table 6. 

The maximum SPL was observed to be 32.2 dB refer- 
ence one microbar. The SPL of 42.85 was observed for 
direct transmission as in the experiment no. 2 of 
section II. It means that in this configuration of 
experiment there is a loss of about 10 dB on reflec- 
tion. The parametric wave transmission does not agree 
with the Lloyd mirror reflection theory of the conven- 
tional sound wave transmission as an the case of @ire 
latter there is hardly any loss. 
iumexperiment mos 2. the purposemyas to obtain wuesbeam 
pattern of the reflected parametric wave. The results 
Sule VvS. (4. abegchown in Fiiow 7 sand. Table 7 formes 
horizontal range of 170 cm. 

The reflected parametric = has definite side 
lobes. The side lobes are 1.5 dB down compared to the 


main lobe. 


oe 





TABLE NO. 6 


oe hwaigl teuine SPL ines Cr’ lee: SPL in dB 

100 - 174 32.04 
IL@) 1 Seo 178 555 
120 170 180 30.80 
130 22.20 182 30.61 
140 26.80 | 184 30.42 
141 Zi 186 30.42 
142 274-10 188 30 sci 
144 Zi GS 189 30.01 
146 Lio 7 190 30.01 
148 21/292 192 30561 
150 27 010 194 30.80 
152 27.40 196 30.80 
154 26.80 198 30.61 
156 26.80 200 SORA 
158 27 oO 202 50 Ra 
160 27.92 204 30.22 
Lo 29.15 208 293 ol 
164 SOVa2Z 210 29 a 
166 Sd Pale - 220 28.08 
168 SIRS 7 Z250— 26.50 
170 525-20 DEY. 25 gles 
172 32.04 


28 





tn ify 
fot) a 


52 


a 
LEGOLOTWU JT OL Gp ‘TdS 


Zo 


200 


Lane 


100 


in cm. 


rIG 6 





LABBES NO a 


a LGM: a oi em 
heO right of Sie in dB (toulert of Si iit cs 
acoustic axis) acoustic axis) 
0 522520 0 52.20 
aa B45 UE Ik 6724 (U6! 
Z Se Z S70 
3 Seeley 5 See. 00 
4 30 26m 4 SiQR eZ 
5 50". 01 5 Como 
6 2959 6 Vo, Hi 
fi L957 7 28.91 
8 29.59 8 29s 
9 350.01 9 29557 
10 iO eee 2 10 29.59 
ion 50.47 idl 29d 
eZ 30.61 TZ 30.01 
iS 50.0 13 50 ez 
14 50m4 2 14 S022 
15 S022 15 SO 0H: 
16 SORcOn 16 29.81 
17 29.81 Ny 2939 
18 29.37 18 29 
19 29.15 19 28.91 
20 28.68 20 28.43 
Za Ages ZA 271. oo 
1b Zz. 65 Ze ese, 
23 26.80 23 26.50 
24 Loe oo 24 253 oe 
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ANGLE OF INCLINATION OF 30° AND fm = 20 KHZ 


In the following two experiments the relative pressure 


level was measured as a function of horizontal range “r" 


along thesaxis» and as a function of laternal dis tanger ua ton 


Giesaxts at 4a range won? Oem. 


The angle of inclination was set at 30° and the frequency 


of modulation was 20 KHZ for these two experiments. For con- 


venicnce, the hydrophone calibration@at 50 KHZ is usediae 


this lower frequency. Some error is likely in this assump- 


tion but it is not important in the present context. 


ib 


In experiment no. 1, the SPL at different ranges was 
observed and the results are shown in Fig. 8 and Table 
or 

The maximum relative pressure level was found to 
be 28.91 dB reference one microbar. 

In experiment no. 2, the beam pattern of the reflected 
parametric beam was obtained as shown in Fig. 9 and 
table 9, for aghorizontal rangwemot 170 cm. 

The presence of side lobes was again observed as 
was in experiment No. A2 of section III. The side 
lobes were about 5 dB down compared to the main lobe. 
Also the side lobes found in this experiment were at 
a greater angular distance compared tc the ones in 


the case Of experiment AZ Ofeseerion lit, 


SZ 





' TABLE NO. 8 


ys ademas SPL a nisis Mat “Aen SRI incase 
90 15.67 168 28.63 
100 19.13 170 28.91 
110 2 imo 3 ry 2 28.68 
120 25.51 174 28.43 
122 25.51 LG 27 a 

124 26.20 178 ENO © 
126 26.50 180 2720 
128 “2 26.80 * 190 24.40 
130 26.50 192 24.00 
132 26.50 194 23.60 
134 26.20 196 23.60 
136 25.51 198 Zoo 
138 2515 200 23.60 
140 2 Seeks 202 BS (0 
142 24.40 204 23.12 
144 24.40 206 25a 
146 24.80 208 257 
148 24.80 210 25a 
150 25.15 2al2 23.12 
160 26.80 214 25212 
162 27.40 220 23.12 
164 279? 230 22.65 
166 28.43 235 2720 


on 





0 


= 


C 


Q Jia 


UO Ute eye 
00Z OST 0OT OS 


St 
O 
" 
ee 
0 = 
a9 
@ 
oO 
"ob : 
O Og 
‘* O Oo : ” 0 | 
5 ohed Q% O \S 
eb) 
5° 29,0 = 
%o ond 
foe 


S73 


34 





TABLE, NOES 


Nal. sanusem. Sei, 1 neaae “a Saneeme SP aaa 
0 28.91 17 23.60 
1 28.68 18 23.60 
2 28.43 19 23.60 
3 27.66 20 23.60 
4 27.10 21 23.60 
5 26.20 22 | 23.60 
6. 25 i 5 | Ts 24.00 
7 24.40 24 24.00 
8 24.00 25 24.00 
9 BSNS 27 24.00 
a0 DS 29 23.60 
Tie 22.65 gu a 
ih DS BS 23.12 
13 22.65 a5 22.65 
14 | Dgeli2 37 22.20 
15 smal 40 21Ge 
16 23.60 


NOTE: These readings are for the receiver to the left of 


the acoustiewseeseasc. 


oye 








TABLE NO.) 9) (comed) 


ae" Teer. SOI shige "a ing@ew. Sve si - lle 
0 23.99 a LS (61 
i 28.99 2 25.00 
Z 28.68 2S 7S 150) 
3 fates Als) 24 24.00 
4 IEG tas 24.00 
5 TAS 1310, 26 24.00 
6 25.85 Ja , 24.00 
7 & 2 Sales = 8 24.00 
8 24.40 29 25 ou) 
9 Za) 30 25.00 
10 DOO, 31 Z5 6.0 
11 Loe geZ SW 25 lez 
12 Zee. 33 251.12 
iS Z2<05 34 2210) 
14 — 22.65 36 22 0 
15 Ble {OS Sy) 22520 
16 | ZO 38 2120S 
is Zia 4] 20.47 
18 Z Struc 43 19.83 
19 23.60 45 19s 
Ze 23.60 | 





NOTE: These readings are for the receiver to the righesom 


Ene Qecouseie wale Ss. 
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ANGLE OF INCLINATION OF 25° AND fm = 60 KHZ 


In the following two experiments, the SPL was measured 


as a function of horizontal range “x along etic geeenc sana 


as a function of lateral distance "a'', from the axis at a 


mange of 210 Gh 


The angle of inclination was set at 25° and the frequency 


ef modulation was 60 KHZ for the following two experiments. 


ie: 


In experiment no. 1, the SPL at different ranges was 
observed and the results are shown in Fig. 10 and 
Table 10. The maximum SPL was observed to be 32.537dB 
reference one microbar which was ap praninee oy the 
Same aS in experiment No. Al of this section. 
In the experiment no. 2, the beam pattern of thempaa 
metric beam was observed; the results are shown in 
Pigeeii@and Table 11. 

The presence of the side lobes were again detected. 
The side lobes were 1.5 dB down compared to the main 


lobe. 
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TABLE NO. 10 


eee Tt CT SPL inva 
140 eS 
150 : 21.65 
160 Z5 2S 
170 29.25 
Wi 2 29 29 
174 30.01 
176 ~ SC. Z 
178 30.42 
180 | 50501 
182 50 22 
184 | 30.42 
186 30.1 
188 29 59 
190 29 25S 
192 28 2 1 
200 50 2 Z 
202 51.0 
204 31.20 
206 $220 
208 32 Dl 
7513) 32.5 
LN 7: 32 3 
7a Mish 52.3 
216 $2 51 
218 32.20 
220 Sie 6 
230 me, 17 
AGS Shoo 
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TABLE SNOce ll 


Nat in cm. res eee) ile 
(iow les tor SPL: ie G Bice ora oli teane a SP inmes 
acoustic axis) . (ae acoustic axis) 

0 SZ 0 SZ2e3 
i 1 52 ore i S255 
2 52 eon 2 52256 
5 5256 5 31.90 
4 31.90 4 Silie as 
5 See O15 5 SLOW 
6 So 6 30.80 
7 B10 Ae 7 SU eu 
% S04 Ave 8 Seoul 
9 S02 2 9 30.80 
10 5 Oree 2 10 SEO 
11 30.42 11 Sees 
IZ 30.80 12 Se 
NS 500 ies 5155 
14 See 14 STS 
IS Saleeley tS 51235 
16 Salo 16 Si ary 
hy, Si Ly 17 S00 
18 31.00 18 30.80 
19 30.80 19 30 74% 
20. S0=64 20 30 70a 
rae Sez 2 fas RAS Ih 
22 De i 22 20 eS 
thes 78s (Gis ang 28.68 
24 7153 est 3}ts) 24 28.18 
25 28.18 26 27.66 
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IV. PARAMETRIC WAVE TRANSMUSSTON VA Sex 


The last phase of the thesis was to observe the perform- 
ance of the parametric source in sea water and compare it 
with the performance in the laboratory. 


A. DESCRIPTION OF APPARATUS AND CIRCUITRY. 
COEFFICIENT OF VARIATION 


1. The Mounting 

The apparatus designed as a mount was a square of 
height 180 cm. and length 160 cms. from the face of the 
transducer to the receiving hydrophone as shown in Fig. 12. 
Three sides of the mount were of two inch diameter steel pipe 
and the fourth was a 0.04 inch steel wire, shoch mounted to 
the frame for vibration isolation. 

The E-8 (parametric sound source) and F-33 (the 
conventional sound source) were mounted one on top of the 
other and were slightly tilted so that the acoustic axis of 
each passed through the LC32 hydrophone. 

The completed design combined two necessary charac- 
teristics -- rigidity and minimum self-generated hydrodynamic 
turbulance. The end of the apparatus holding the transducer 
was necessarily massive to ensure rigidity about the propa- 
gating transducer. 

The wire served as the€?mouting tor the recer er 
hydrophone. Since the receiving hydrophone was quite light 


in weight, the wire was rigid enough. Also, the small size 
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of the wire avoided the presence of any signaticant hydro- 
dynamie» tumbuikanice: 
e. “lransmi (Gen Cir cume 

The transmitter circuit was not modified and was the 
same as described earlier. Two drum switches (2 positions, 
4 ways) were inserted in the transmitter circuit. This was 
incorporated to switch from E-8 (parametric sound trans- 
mission) to F-33 (conventional sound transmission) instan- 
Gameeusly. It may be noted that F-33 did not require (1) 
puimary ftequencies of thesorden of Jee4oMHZ améehencesthere 
was no need for the Wavetek in its circuit (11) High Pass 
filter. The 60 KHZ signal was fed to the tone burst gener- 
mpor directly man the case ofmithe F-33: etl] these operation: 
were Simultaneously done by the two drum switches. 

AWeable of lenaeh 76 Ltemmas attached to the B-omve 
heave sutficient length for shipboard use. It was noted that, 
marth the longer cable attached te the E=8, mere current was 
drawn from the power amplifier. The greater current, however, 
did not correspond to a stronger signal at the difference 
mmeCQuUeNncy . 

oS. MneCe Merwe reul t 

The received signal in the laboratory was steady as 
there was no wind and no inhomogenities in the fresh water 
of the tank. A varying signal was expected at sea due to 
wind and inhomogenities in sea water. As such it was 
wanted to measure the coefficient of variation besides 


measuring SPL at various frequencies of transmission. 
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The receiver circuit was modified as shown in Fig. 
13. Power amplifier 467A was inserted to the original cir- 
cuit described in Fig. 1. This was done to obtain a more 
flexible gain control for measuring the weak signal. Output 
of the amplifier 466A was fed to an envelope detector, 
which is shown in Fig. 14. This detector was designed and 
mipricated in the laboratory by Professor Ellery. The output 
of the envelope detector was taken to three parallel 
SeRcuits. 
(1) Channel! 1Mof Clevite Brush) Mark 220 Strip) chane 
ec One e rr 
fc) ee Geel sion) instrument Pl=oZ00 stape reconder . 
fii  R-Ganetwork fil ter whichis shownwin Fig. 15. 
The output of the R-C. network was recorded on 
@emannel 2 of the strip chart recorder. 
Coefficient of Variation: Reference Fig. 16. 
iee A(t) be the amplitude at any instant of time. 
A be the average value of A(t). 
ey be the coetticient of variation. 


: 1 
cv cx - (Ky? \ 
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es 
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o (A - A) 
CV | “RMS 


A 
Percentage @y -S¢V x 92008 

The signal was passed to an envelope detector 
(demodulator) which gave the envelope of the difference- 
frequency signal; the high-frequency primaries were by-passed. 

The output of the envelope detector was recorded on 
wape as well as on Channel 1 of the strip chart recorder. 
This output was next passed through an R-C filter which 
blocked the D.C. component of A (t) and passed its low- 
frequency fluctuations. The output of this filter gave 
(A - A), which was recorded on channel 2 of the strip chart 
mecOorder. Both €hannels om the strip chart recorder were 


Operated simultaneously. 
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B. FREQUENCY RESPONSE OF THE NEW SYSTEM IN THE LABORATORY 
The set up designed for the ship-boand Useuwas se uae auin 
the fresh water tank of the laboratory. The voltage level 
of the received signal at the difference frequency was 
measured with varying modulating frequencies. The amplitude 
modulation mode was used. 
The following parameters were held constant: 
G = 60 db, RMS Drivame Current = 0.5 amps, fr = I1S5SSe3kiz 
The plot of received voltage level Vs fm is illustrated 


imebig. k/ and recorded in. Tabhe, 12. 


DZ 





TABLE eNO eealec 





Receiver | Voltage level 
fm in KHZ Bandwidth 20 log Vrms 

in KHZ 1 volt 
20 10-30 = eo 
30 10-50 — ae 
40 ASI) Sit al 
50 30-90 Se 
60 50390 ass 5 5 
70 30-99 Pay = Ae2 
80 30-99 = 0 
90 30-99 -19.5 
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C., FREQUENCY RESPONSE QF THE NEW SYSTEM AT SEA 

The equipment was fanen on board the R/V Acania and it 
was anchored in 60 £t.%ef water in Monterey #2) 

Difference frequency transmission readings were taken at 
mepths of 40 £225) 20 °2t., same 0) 2c. 

The received voltage was measured with varying modulating 
frequency from 20 to 90 KHZ and themresults are plietteauam 
Bric. 18 and Table 13. 

The following parameters were held constant: 
mee GOmaGB, lrms = 0-5 alpepeeir = 1357eKZ. 

Puadis e repetition Rate = 2.5 ms. 

Gate duration = 16 ms. 

Temperature at sea surface - 1G a2 sacs 
Temperature at 17 ft. depth - sci ke 

The maximum received signal voltage level obtained at 
sea was - 11.2 dB re 1 volt, when fm was 50 KHZ and the depth 
of the transducer in water was 40 ft. The maximum received 
Signal voltage level observed in the laboratory under similar 
working parameter was - 13.5 dB re 1 volt, when fm was 60 KHZ. 

“There was no eee aie difference in wtie  Tece1ved 
signal voltage level when the experiment was conducted at 
sea or in the lab. It was, however, observed that the fre- 
quency response varied at various depths only to a small 
extent and was within 3 dB. The received signal at 50 KHZ 
at 40 {t. depth corresponds to an Sri ote4). ae nee. 


lirerouan: 
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TAB EEO)... 13 


fm «in GZ V ale. ate TOT te View lla 2 0 iat VL ea eee 


ine ds ind B 1teed. 
20 9,5 ee -17.8 
30 -15.0 =n ili all 
40 “12,1 a28 =e 
50 Stier aises =e 
60 | -12.8 -14.2 aii 2 
70 -14.2 Se ahaa 
80 ‘ -1550 -14.2 -15.0 
90 -17.8 70 Bi). G 


V.L. = Voltage Level = 20 log Vrms. 
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D. CALCULATIONS OF COEFFICIENT OF VARIATION AND COMMENTS 

The purpose of this experiment was to determime the co- 
efficient of variation at various depths and frequencies 
for parametric and conventional sound propagation. 

The equipment was riggedwene board as ment tomedmeamiame, - 
Simultaneous strip chart and tape recordings were made of 60 
seconds each for varying depths and frequencies. The tape 
wecorder was operated in its gm mode. 

The following parameters were held constant: 
ihape speed - 5.75 1Ps. 

Pmelter Setting sonetapesmeconder gg) 008GrS. 

Scrip ofa Speeds omit) sc er | 

Gaannel 1 Seale - 200 mv/division. 

Channel 2 Scale - 20 mv/division. 

MecciVer ail Was Varired tO Cet appreciable Sigma 

ire frequency of modulation was varied from 20! to SOyKhZ 
maine Steps ot 10 KHZ for F-33 and E-€se) ihe threcuacp en. 
SOc cn TOmmtne experiment were 40 oh £2 0nd tc Gl ein Gmemee 

Chanmel loi) the strip chart Gecondeds tener it )- by evs 
ual. inspection one can then estimate the average A(t). 

Channel 2 of the strip chart recorded (A - A). The peak 
to peak value of (A - A) was read from the chart and the 
r.m.s. value of the same was calculated by dividing by 
2 2. Many readings of (A - A) were taken at different 
parts of the strip chart and the mean was taken for getting 
mean r.m.s. value of (A - A). The Large vsiemale yan aedon 


due to passing fish, swells, tide etc. were neglected. 
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The coefficient of Vaaeeapronwead culated ated eee and 
10 ft. 1s shown wP Tab lesmy oid om co pce mig cia 

It was noticed that the coefficient of variation was 
Wess than 5% tor the depths of 720° 2tyamamad 10 + tee. mys 
generally higher for E-8 than that for F33 at these depths. 

At the transducer depth of 10 £t., CV depended on the 
ship's orientation and surface wave direction. CV was much 
greater at this depth than that of 40 and Z0-£t. The 
largest value of CV at 10 ft. was observed to be 30%. Also 
Gy tor FSS was found to be greater than tiameror E-o seem 


trary to the observations at greater depths of 20 and 40 ft. 
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TABLE NO. 14 


DEPTH OF TRANSDUCERS = 40 ft. 


Frequenay 


in KHZ 


20 
30 
40 
20 
60 
70 
80 
90 


CV 


Be 


60 


an wal 

Mets 5S) dics 
“3G Oy 
=~ 591 De 
-435.3 0. 
-41.2 = 
= 50 Ae. 
= 5900 Ue 
= ee 1. 


CV 


eS 


Percentage 20 loge CY Percentage “~2Z0iiggeey 


in dB 


ols 
SOE ts 
-4 755 
~4 2 
-43.3 
“SG 
= 4026 
See 





TABLE NO. 15 


DEPTH OF TRANSDUGERS = 970 Ht. 


E-@ F-33 
Frequency > 
in KHZ Percentage Z0 log CV Peme@entape “20 icame 
CV CV 
20 Top =O lige. = Oe 
30 oreo 4s ey 1.8 = 54 
40 Sie Aes fk 1.4 SO 
a) ies ~50'. 9 er = Ob 
60 Za Ao) (i tha JL -38.9 
70 Zon end O36 Stal 
80 Dee - 32.9 eZ - 38.6 
90 dll =o nO - 36.0 
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TP ABIGES NO sk 


DEPTH OF TRANSEUIGERS = 910 22 


Boe es 
rae Cie Inc) am —~ 
in KHZ Percentage 20 log CV Percéentase Zn ieee 
CV Cy 
20 2.8 = NT Si Aas = /) apa 
30 el One ilies was U) mlro . 4 
40 Li Sea0 erlaies / 52S ae 
50 207 “ere = = 
60 10.8 = 192.5 Va, seals 
70 = - = - 
80 z : : . 
90 2.8 cess) Oa = 5, OM 
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V. SUMMARY 


The parametric system designed was adequate for low power 
applications. The secondary frequency for optimum operation 
was 60 KHZ and amplitude modulation was found to be the best 
mode of modulation. Free field measurements of the radmtamnen 
bactern showed the typical absence of side Jobes ine 
difference frequency beam. 6 dB bandwidth of 60 KHZ ci 
ference Lrequency was Loumd to bie 5.8°. The maximum Sound 
Pressure Level at 100 cms. was found to be 46.2 dB re l 
er cbals | 

The reflection of the beam by a calm water-air surface 
Caused severe broadening @f the beam and the reduction gon 
the sound pressure level at the difference frequency as 
compared with the direct path signal from source to hydro- 
phone. The beam disruption is attributed to the phase 
reversal that occurs upon reflection and the results are 
eonsistent with’results presented by Mellenbruch and Muir at 
the. 86th meeting of the Acoustical Society of America. 

(Nov. 1973). 

The coefficient of variation was found to be less than 3% 
ae the depths of 20 £t. and 40 £twestor these depts amen 
coefficient of variation was higher for the parametric beam 
as compared to that of a conventional sound beam. It was, 
however, noticed that the coefficient of variation was much 


higher near the surface of sea water, the maximum value 
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being 30% at 10 ft. of depth. The parametric beam seems to 
have lower coefficient of varadtion as seenparcd tomenaceucn 
a conventional beam at the depth of 10 £t: 

The present parametric system was not adequate for 


Secondary trequcimemes of less than w0ehiiZ. 
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